Genes of the Hairy/Enhancer-of-split (HES) family encode basic-Helix-Loop-Helix proteins that function as nuclear effectors of Notch signaling to regulate the transcriptional activity of several Notch target genes. Here, we report the characterization of a new member of the HES family, hes6, and describe its expression in mouse embryos ranging from 8.5 to 15.5 dpc. High levels of expression are observed in several embryonic tissues where Notch signaling is known to control cell-fate decisions, like the nervous system, muscle and thymus. In the nervous system, hes6 is initially expressed in the closing neural tube and then in the spinal cord, cranial and dorsal root ganglia, and brain neuroepithelium. During muscle development, the expression of hes6 occurs during both myoblast commitment and differentiation, being the ®rst hes gene to reveal expression throughout embryonic myogenesis. hes6 is also expressed in epithelial cells of the embryonic respiratory, urinary and digestive systems. q
Results
The Notch signaling pathway has been shown to control several cell-fate decisions in various tissues, both in vertebrates and invertebrates (Artavanis-Tsakonas et al., 1999) . The molecules belonging to the Notch pathway include the transmembrane ligands Delta and Serrate/Jagged, the receptor Notch and the Hairy/Enhancer-of-split (HES) family of transcriptional repressors. Several HES genes have been described in vertebrates (reviewed in Kageyama and Ohtsuka, 1999) , which function in different tissues as nuclear effectors of Notch signaling. In this report, we characterize a new mouse gene belonging to the HES family, named hes6. This gene was ®rst identi®ed by screening the Expression Sequence Tag database (dbEST) from GenBank, using the BLAST program (Altschul et al., 1997) . Several EST's from hes6 were obtained, one of which (accession number w66929) was fully sequenced and shown to contain the entire coding region (Fig. 1) . The HES6 protein is mostly related to the HES1 protein (60% homology), containing a well-conserved bHLH domain, an orange domain (Dawson et al., 1995) and the tetrapetide WRPW at the carboxy terminus, a region known to interact with the Groucho co-repressor protein (Paroush et al., 1994) .
The expression of hes6 was analyzed by whole-mount in situ hybridization in 8.5±11.5 dpc embryos and by in situ hybridization on cryostat sections in later developmental stages (12.5±15.5 dpc). hes6 transcripts can be ®rst detected in the developing nervous system. At 8.5 dpc, hes6 expression is present in scattered cells of the anterior neural folds, while at the posterior neural plate, a broader expression can be observed ( Fig. 2A,B ). At 9.5 dpc (Fig. 2C ,D) expression is observed throughout the neural tube, in the forming dorsal root ganglia and in the cranial placodes (trigeminal, otic and epibranchial). Expression can also be detected in the anterior border of the ®rst branchial arch. Neural expression persists in later stages (at least until 15.5 dpc), being detected in the ventricular region of the neuroepithelium, cranial ganglia, dorsal root ganglia, and olfactory epithelium (Fig. 3A ,C,D). It is also observed in the retina from 13.5 dpc (Fig. 3C) .
hes6 expression is also particularly relevant in developing muscle, being ®rst detected in the dermamyotome at 9.5 dpc (Fig. 2C,D) . At 10.5 and 11.5 dpc expression is seen in muscle precursor regions in the somites and associated with the developing limbs (Fig. 2E,F) . At these stages, hes6 expression is ®rstly detected in the dorsal and ventral extremities of the myotome at 10.5 dpc (Fig. 2E ) and after- wards (11.5 dpc) in a dorso-ventral stripe along the entire myotome, slightly displaced towards the posterior border of each somite. This is observed throughout the whole anterior-posterior axis (Fig. 2F) .
In the limb buds, hes6 transcripts can be detected at 10.5 dpc, in the central region of the forelimb bud (Fig. 2E) , marking what could be migrating myogenic progenitors. At 11.5 dpc expression is observed in the dorsal and ventral muscular masses of both fore-and hindlimb buds (Fig. 2F ). There is a striking resemblance between hes6 and MyoDmyogenic expression (Tajbakhsh et al., 1997) in the somites and limb buds, even though hes6 somitic expression seems more restricted and slightly posteriorly displaced. hes6 is the earliest expressed hes gene in the developing muscle, where it could mediate Notch function during myogenesis (Kuroda et al., 1999; Nofziger et al., 1999) , acting to regulate the expression of the myogenic factors and thus control muscle differentiation. In addition, from 11.5 dpc onward, hes6 expression is consistently found in skeletal muscular masses in the developing limbs and body wall (Fig. 3A,B,D) and also in visceral musculature (Fig. 3B,D) .
hes6 expression can also be detected in epithelial cells of the embryonal respiratory, digestive and urinary systems of 12.5±15.5 dpc embryos, as shown in Fig. 3A ,B,D. hes6 is also expressed in the thymic primordium/rudiment from 12.5 dpc onwards and in the submandibular gland of 14.5 and 15.5 dpc embryos (Fig. 3E) .
Methods
The mouse EST database of the National Center for Biotechnology Information (Genbank) was searched for new HES family proteins using BLAST and HES1 sequence as a standard HES family member. Several mouse ESTs generated from hes6 mRNA were identi®ed. The EST Fig. 3 . hes6 expression in cryostat sections of 12.5±15.5 dpc mouse embryos. (A) Transverse section of a 12.5 dpc embryo, at the level of the forelimb; (B) sagital section of a 13.5 dpc embryo; (C) transverse section of a 14.5 dpc embryo at the level of the head; (D) transverse section of a 14.5 dpc embryo at the level of the forelimb; (E) sagital section of a 15.5 dpc embryo. Arrows: muscular masses; drg, dorsal root ganglia; e, esophagus; g, gut; k, kidney; l, lung; my, myotome; nt, neural tube; oe, olfactory epithelium; r, retina; smg, submandibular gland; ty, thymus; v, vertebrae.
clone w66929 contained the complete coding region. It was obtained from the IMAGE consortium and used in the determination of the correct nucleotide sequence and as template for antisense riboprobe synthesis. Sequence comparisons with other HES members were carried out using the GCG software package (University of Wisconsin). Protocols for in situ hybridization of embryos and cryostat sections were as described (Henrique et al., 1997) .
